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Final Progress Report

Grant Number: N00014-89-J-1281
Title: Central Factors in the Classification of Acoustic Transients
PI: Robert A. Lutfi
Period: 3/1/89 through 9/30/92

The Proportion-of-Total-Variance Rule for the Discrimination of Auditory Patterns.
Random variation is an unavoidable feature of real-world sound. The ability to make sense of

our acoustic environment depends on how we resolve the uncertainty associated with rapid,
unpredictable changes in the natural signals we encounter. It is noteworthy therefore that
psychoacoustic studies consistently reveal profound detrimental effects of signal uncertainty on our
ability to make even the most simple auditory discriminations. We can detect a few Hz change in the
frequency of a tone when there is no uncertainty regarding the signal (Wier, Jesteadt, and Green,
1977), but if this signal is embedded in a sequence of tones with frequencies that vary randomly from
trial to trial, as much as a 1000-Hz change in the signal may go unnoticed, even after weeks of training
(Watson, 1981). Signal uncertainty has equally adverse effects on the detection of changes in the
intensity and duration of signals. Here too the size of the just-detectable change seems far too large to
accommodate the informational demands of real-world listening. How are these results to be
reconciled?

After decades of research, investigators have been unable to provide a satistactory answer to
this question - that is, until very recently. In a paper submitted last month to the Journal of the
Acoustical Society of America (enclosed), we describe what appears to be a general rule of auditory
perception that governs the discrimination and classification of unfamiliar auditory patterns. The
general rule may be stated as follows: each component of a random auditory pattern is resolved with an
accuracy that is a function of its proportion of the total variance (PTV) in the pattern. We show that
the PTV rule can account for nearly all of the major results of studies conducted over the last two
decades on the discrimination of unfamiliar auditory patterns. Here, the often profound and sometimes
counterintuitive effects of pattern uncertainty are given a simple explanation - they reflect a general
property of auditory analysis wherein the perception of an auditory pattern, regardless of its defining
attributes, is dominated by it's most variable features.

The discovery of the PTV rule was actually the outgrowth some work of Kidd and Watson (in
press) and an earlier publication supported by ONR (Lutfi, 1992b). Our approach in the latter paper
was to garner understanding through a theoretical analysis of ideal observers. When attempting to
understand the processes underlying human performance in discrimination and classification tasks it is
often helpful to consider what an intelligent observer would do in the same task. In the present
application, this amounted to identifying decision rules that maximize percent correct in these tasks.
We considered one such rule in which the observer reports a difference between patterns whenever the
weighted sum of the tone values in the pattern exceeds a criterion. The weights in this case are
determined by the likelihood of a change occurring on each component. We showed that this rule
leads to the prediction that performance will be related to the target's proportion of total variance in the
pattern, the exact form of the function being determined by the weights listeners actually use in these
tasks. In the recently submitted paper, this analysis is carried one step further by making a specific
assumption regarding these weights. It is assumed that the weights are determined by a continuous
and rectangular time-window applied over the entire duration of each pattern. This assumption was
made with the intent of simplifying the analysis, but the result is a PTV rule that accounts for the effect
of most of the major variables in tasks involving the discrimination of unfamiliar tone patterns. These
include, the total number of tones in the pattern; the total duration of the pattern; the target's position in
the pattern; the relative durations of target and context tones; the relative variances of the target and
context tones; the number of targets; the manner of presentation of the tones, sequential or
simultaneous; the type of discrimination task, intensity discrimination versus frequency discrimination;
and the type of psychophysical procedure, method of adjustment versus same-different. A summary
of the predictions of the PTV rule for the data of some of these studies is shown in Fig 1.
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FIG. 1: Reading from left to right and top to bottom: Panel 1. Data from Watson, Kelly, and Wroton (1976),
Watson, Foyle, and Kidd (1990), and Exp. I of Kidd and Watson (1992). The listener's task is to detect a
change in the frequency of a target tone embedded in a sequence of tones with frequencies that vary randomly
from trial to trial. The data are af/f values (average of four to seven listeners) required for a performance level of
d'=l.0 in the same-different procedure. Panel 2. Same data plotted with total sequence duration as parameter.
Panel 3. Data from Exp. 2 of Kidd and Watson (1992) where parameter is the position of the target in the
sequence. Panel 4. Data of Exp. 3 of this study where the parameter is the relative duration of a single context
tone. Panel 5. Data from Exp. 4 of this study in which the sequence included nonadjacent multiple targets.
Panel 6. Data from Spiegel, Picardi, and Green (1981) in which all tones in the pattern are played
simultaneously and the listener's task is to detect an increment in the level of a single component (All data
replotted with permission).

The PTV rule may represent the most significant advance in our understanding of the
discrimination and classification of variable acoustic patterns since the classic studies of Watson and
his colleagues first demonstrated the profound effects stimulus uncertainty can have on auditory pattern
discrimination performance. If applied properly this discovery could substantially aid in the efficiency
of personnel selection strategies for identifying exceptional sonar-signal classifiers.
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